The Asia-Pacific region has made significant progress in
Introduction
Since 2000, considerable progress has been made in reducing the malaria burden in the Asia-Pacific. Both malaria cases and deaths have decreased by more than 50% between 2010 and 2015 in the 22 countries that constitute the Asia-Pacific region 1 . Increases in political and financial commitment that enabled the scale-up of tools for preventing, diagnosing and treating malaria have contributed to achieving these gains. Many countries are now working towards national malaria elimination and a regional goal for a malaria-free Asia-Pacific by 2030 has received considerable political support . Funding has since plateaued and it is likely that it will be insufficient to support the resources required to achieve and maintain malaria elimination 3, 4 .
To this end, the objective of this study was to develop an investment case for malaria in the Asia-Pacific by estimating the costs and benefits of sustaining investments until elimination is achieved in the region. The investment case required the development of a mathematical model to project rates of decline to elimination by 2030 and determine the associated costs to achieve elimination in the Asia-Pacific region. As the AsiaPacific region experiences both Plasmodium falciparum and Plasmodium vivax malaria, the mathematical model needed to incorporate the dynamics and control measures for both species. This modelling application would allow an analysis of various scenarios of malaria control and elimination interventions to determine the path to elimination in the region. Cost data would be incorporated into the epidemiological model to estimate the costs of elimination and the economic impact of interventions against the transmission of Plasmodium falciparum and Plasmodium vivax malaria.
Sri Lanka has been declared malaria-free by the World Health Organisation, while Afghanistan, Bangladesh, Bhutan, Cambodia, DPR Korea, India, Indonesia, Lao PDR, Malaysia, Myanmar, Nepal, Pakistan, Papua New Guinea, People's Republic of China, Philippines, Republic of Korea, Solomon Islands, Thailand, Timor-Leste, Vanuatu and Viet Nam accounted for approximately 16 million cases of malaria and 33,000 deaths in 2016 5 . Between 2000 and 2016, WHO estimated malaria incidence in the WHO South East Asia Region (SEAR) and WHO Western Pacific Region (WPR) decreased by 48% and 12%, respectively, though the period 2014-2016 saw a rise in malaria incidence of 4% and 5% respectively while global trends remained relatively unchanged 1 . In 2016 it was estimated that 8 550 000 (6 430 000, 11 140 000) Plasmodium vivax malaria cases occurred globally, and while that constituted only 4% of the global malaria burden, these cases accounted for 34% of all malaria cases in the SEAR and 23% of cases in the WPR. Furthermore, 75% of the global total Plasmodium vivax malaria cases occurred in India, Pakistan, Afghanistan and Indonesia 1 .
Given that the goal of malaria elimination applies to all malaria, elimination-focused interventions can serve to inhibit both Plasmodium falciparum and Plasmodium vivax malaria and with the high proportion of vivax cases in the Asia-Pacific, it is essential that any mathematical model aiming to predict the path to elimination in the region should be able to capture the dynamics of both species of malaria and the interactions between them 6 .
In the past, economic evaluations and costing of interventions against disease have commonly been conducted using decision trees or Markov models 7 . While these methods of analysis capture the direct outcomes of disease transmission (e.g. treated/ averted cases), they do not capture the indirect transmission dynamics inherent in the biology of the disease (e.g. immunity and drug resistance). In the last decade, there has been a rise in the literature that incorporate the cost of interventions into dynamic transmission models to capture these indirect effects 7 . In their review, Drake et al. (2016) found 15 such modelling studies conducted between 2004 and 2014 that focused on malaria transmission and costing of interventions. The majority of these studies were focused on malaria in Africa, with no applications in the Asia-Pacific.
Dynamic models of malaria transmission have been used to simulate malaria transmission for over 100 years with a review of mathematical models for malaria available elsewhere 8 . Several dynamic models of P. falciparum malaria have been used to infer the prospects for elimination in an Asian-Pacific setting 9-13 and since 2010, a number of dynamic models of Plasmodium vivax malaria transmission have been published [14] [15] [16] [17] [18] . Recently published models of both P. falciparum and P. vivax malaria have employed dynamic mathematical methods 19, 20 and statistical techniques [21] [22] [23] . To the knowledge of the authors, the model presented in this paper is the first dynamic multi-species (P. falciparum and P. vivax) model of malaria transmission incorporating both epidemiological and economic dynamics in a single framework.
The compartmental model developed to assess the potential of elimination in the investment case is a multi-species dynamic epidemiological-economic model that is applied in a metapopulation framework to capture the spatial heterogeneity in the Asia-Pacific. The spatial resolution of the model is at a
Amendments from Version 1
A section has been added on the impact of the model on policy development. The supplementary material has been updated with information on modelling of interventions and the Extended data repository has been reorganised. The DOI has been updated to reflect this.
With respect to drug combinations, while we acknowledge that candidate drugs for MDA may differ between countries, the intervention was modelled using the characteristics of DHAPiperaquine. This detail has been added to the section describing MDA in the paper.
See referee reports
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national level for each of the 22 countries, given the purpose to predict regional elimination and the availability of national data for all countries in the region. All models are simplifications of reality that are designed to describe and predict system behaviour. This paper presents the model development and epidemiological impact of the intervention simulation to predict the path to elimination in the region. The associated cost and economic benefits of achieving elimination are presented in Shretta et al. 24 and the computer application developed to showcase the project results, the METCAP application is presented in Celhay et al.
25
.
Methods
Model generation
A dynamic compartmental model for P. falciparum malaria transmission was developed based on previously published models 11, [26] [27] [28] [29] [30] . The model was extended to include a companion model for Plasmodium vivax and incorporate interactions between the two species of malaria. The model framework is described in detail in Supplementary File 1, available as Extended Data 31 .
Key features of the P. falciparum model include four infection classes representing infections that are severe, clinical, asymptomatic and detectable by microscopy, and asymptomatic and undetectable by microscopy, with each infection class having an associated infectiousness based on infectivity data. The probability of individuals entering each class of infection is dependent on their immunity status. It is assumed that untreated individuals will transition from higher to lower severity infection classes as they recover and that they can be boosted to higher severity classes through superinfection. It is assumed that treated individuals test positive for histidine-rich protein 2 (HRP2) after clearance of asexual parasitaemia for different durations depending on the detection limit of the test used.
A companion compartmental model was developed for the transmission of P. vivax malaria. Its formulation is similar to the P. falciparum model with respect to the four infection classes, though there are key differences between the two model structures. P. vivax infections are characterized by relapses of malaria arising from persistent liver stages of the parasite (hypnozoites).
It is assumed that infections may clear with the persistence of hypnozoites in the liver (dependent on a probability) and that these hypnozoites may trigger relapses of infection. The relationship between glucose-6-phosphate dehydrogenase deficiency (G6PDd) and P. vivax malaria is incorporated in the model through separate treatment regimens to account for G6PDd testing and radical cure. As with the Plasmodium falciparum model, it is assumed that untreated individuals will transition from higher to lower severity infection classes as they recover and that they can be boosted to higher severity classes on superinfection.
The P. falciparum and P. vivax models are independent models for the same population. The models are entangled together at each time step to incorporate interactions between the two species in the following manner:
Dual treatment (Treatment of a mixed infection)
The untreated population infected with P. falciparum malaria that are simultaneously infected with and being treated for P. vivax malaria with artemisinin-based combination therapy (ACT) or a drug that is effective against both species, will also be cured of their P. falciparum malaria. Likewise, ACT for a P. falciparum infection will also cure a P. vivax infection, though hypnozoites may be present after infection 32,33 .
Triggering
It has been observed in many studies that clinical P. falciparum infections are often followed by P. vivax infection 6, 34, 35 . It has been hypothesized that the subsequent appearance of P. vivax implies that a P. falciparum episode reactivates P. vivax hypnozoites 34 . This is incorporated into the model with the population experiencing a clinical P. falciparum infection having a higher probability of P. vivax relapse compared to the rest of the population.
3. Masking Different brands of rapid diagnostic tests (RDT) have different targets, and thus it may be the case that non-falciparum malaria is masked by falciparum malaria 36 . A comparison of RDTs that are designed to differentiate falciparum malaria from nonfalciparum malaria, but cannot differentiate between nonfalciparum species nor identify non-falciparum malaria species within a mixed infection suggested that 11-22% of microscopyconfirmed non-falciparum cases are missed, with approximately 25% of these cases being declared as positive for falciparum. RDTs targeted to detect P. vivax specifically, whether alone or part of a mixed infection, were more accurate with tests missing less than 5% of P. vivax cases 36 . To account for this it is assumed that 5% of P. vivax cases are treated as P. falciparum cases and will not be candidates for radical cure in the model.
A spatially explicit version of this multi-species model was applied to the 22 countries in the Asia-Pacific region. This enabled the estimation of the relative contribution of spatially targeted interventions in a spatially heterogeneous transmission setting. The region is divided into a number of interconnected patches with each patch representing a country having its own transmission intensity. The patches are connected spatially such that the risk of infection of an individual in a particular patch from an individual in another patch is negatively correlated with the distance between the patches.
The models were developed in R 37 and C++ and a full description of the mathematical model, the parameters driving the model and the model source code can be found on GitHub and Zenodo
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Data
The data used to calibrate the model was obtained from several sources. The following annual data was extracted from the country profiles in the publicly 
Results
Model Calibration and limitations
The model was calibrated to the estimated burden of disease separately for Plasmodium falciparum and Plasmodium vivax malaria and accumulated case fatalities. While reported distribution of LLINs and IRS were included in the model to inform changes in incidence, there was no data available on health system advances between 2000 and 2015, such as the introduction of community malaria workers etc. These were imputed based on observed changes in reported incidence. When this data becomes available, the model should be updated to include it. This model has been validated with public data which typically has a low spatial and temporal resolution and is subject to a degree of uncertainty. It was not always possible to obtain historical intervention coverage data. Interventions have been modelled at a national level resulting in model predictions providing broad-stroke national guidance rather than a detailed sub-national strategy design. This is suitable to the purpose of the model which is to assess the path to elimination for the Asia-Pacific region through national intervention.
Modelling Interventions for malaria elimination
The mathematical model was developed to estimate the impact of intervention scenarios against the transmission of P. falciparum and P. vivax malaria. Each scenario comprises several activities such as LLIN distribution and treatment as described below.
The scenarios were explored under two assumptions of future artemisinin and ACT partner drug resistance in P. falciparum: Stable Resistance, where the probability of treatment failure is constant at 5%, and Increasing Resistance, where the probability of treatment failure to artemisinin and the ACT partner drug is constant at 5% across all countries until 2018, then it increases steadily to 30% by 2025. These assumptions can be applied to countries individually or in relevant groupings. Mass Drug Administration (MDA) is an intervention that has received increasing interest in the last decade with respect to its role in malaria elimination 13, 28, 29, [46] [47] [48] [49] [50] . MDA is also incorporated in addition to any scenario in the following manner: five annual rounds of MDA at 50% coverage, from 2018, starting 4 months before the peak of the season using a drug with similar characteristics to dihydroartemisinin-piperaquine.
A detailed description of the scenarios modelled can be found in Figure 1 . The scenarios are classified into four themes: Reverse (reducing current malaria activities), Continue (continuing malaria activities at current levels (2016) until 2030), Accelerate (scaling up activities and incorporating new interventions such as newly licensed drugs) and Innovate (assessing the impact of hypothetical interventions such as longer lasting more efficacious nets for example). Note that the IRS scenario is only considered in countries where an IRS programme was already established and functional. The use of primaquine as radical cure against P. vivax is incorporated in the baseline model commencing at the year of adoption outlined in the country profiles of the World Malaria Reports. The `Single Dose New Pv Treatment' scenario therefore models the impact of switching from a 14-day primaquine regimen to a single dose regimen. Since the study, a candidate `Single Dose New Pv Treatment' has been approved for use by the US Food and Drug Administration. The `New Pf Drug' scenario described in Innovate theme is modelled as a candidate drug in response to the growing threat of artemisinin resistance.
Each of the 10 scenarios outlined in Figure 1 was simulated until 2030 under the assumptions of stable and increasing resistance and with the presence and absence of MDA as part of the national strategy. Given that the data used to validate the models did not distinguish between local and imported cases, malaria elimination could not be defined as zero local/indigenous cases. Using Sri Lanka's example of achieving elimination status in 2016, but reaching zero indigenous cases in October 2012 5 , the elimination threshold was defined as the incidence per 1000 population at risk that Sri Lanka reported to WHO in 2013, as this is a proxy for the level of imported cases one would expect to see in a country that has reached zero indigenous cases for the first time. This threshold was applied to the population at risk for all 22 countries.
The full set of simulation results has been made available on an online platform described in 25. The platform allows the user to build integrated elimination strategies for groups of countries of interest using a selection of the scenarios. The full set of simulation results may be explored at www.metcapmodel.net and the key findings are presented in this paper. Figure 2 shows that scaling up to achieve Universal coverage (as defined in the scenarios above) is not predicted to be sufficient to eliminate malaria by 2030 in the entire Asia-Pacific region. Elimination is predicted to be possible in countries such as the Philippines, Republic of Korea and Timor-Leste with Sri Lanka and the People's Democratic Republic of China being predicted to have achieved elimination by 2017 already. The ranges for disease burden estimates for the 22 countries that included accounting for completeness of reporting and access to healthcare was a major contributor to uncertainty in these estimates. The large range of uncertainty for some countries can be clearly seen in the wide interval of results. Figure 3 shows the range of years (minimum, median, maximum) in which elimination is predicted to be achieved under the Universal Coverage scenario. In line with Figure 2 , countries such as Sri Lanka and People's Republic of China are predicted to reach elimination by 2017, while the minimum and median year of elimination for Bhutan is predicted to be 2023 and 2029, respectively, the maximum year of elimination is recorded as "NO" to reflect that it occurs beyond 2030. This elimination timeline may be viewed for all ten scenarios under the assumptions of stable/increasing artemisinin resistance and with/without MDA.
The purpose of the study was to predict the set of interventions that would lead to malaria elimination by 2030. Figure 4 shows the minimum scenario to be deployed at a national level that is predicted to achieve elimination by 2030. A minimum scenario refers to minimum effort where, given the nested nature of the scenarios, Business As Usual < Universal Coverage < IRS < Effective Usage < Single Dose New Pv Treatment < New LLINs < New Pf Drug. All scenarios are considered 'less effort' without the addition of Mass Drug Administration. The selected minimum scenario is considered conservative as the full range of year of elimination (minimum, median and maximum) needs to be predicted to occur by 2030 under the assumption of increasing resistance over time. Where the range of elimination has not been predicted to be achieved by 2030 in any scenario, a scale up in ITN coverage is added to the intervention mix, followed by MDA to assess the revised predicted range of year of elimination. Table 1 compares the predicted year of elimination in the conservative intervention package with the national and regional goals for each of the 22 countries in the Asia-Pacific. The model predictions show that with the exception of Sri Lanka, People's Republic of China, and Republic of Korea, all countries require a scale up in interventions to achieve malaria elimination. The impact of health system strengthening and achieving a higher rate of malaria infections being "tested and treated" is seen in the number of countries where the "Effective usage" scenario was predicted to be the minimum package required. The main results from the simulation study are presented in the 'Key findings' box. • It is predicted to be possible for all 22 countries to achieve Plasmodium falciparum and Plasmodium vivax elimination by 2030
• The People's Democratic Republic of China, Sri Lanka and the Republic of Korea are the only countries predicted to achieve elimination without scaling up current interventions. Note that though Sri Lanka has already achieved zero indigenous cases, the definition of elimination employed by the model accounts for indigenous and imported cases, hence the continued prediction of a low level of (imported) cases since 2012.
• Elimination is predicted to be possible in Bangladesh, Bhutan, Malaysia, Nepal, Philippines, Timor-Leste and Vietnam through a scale up of LLINs (and/or IRS) and health system strengthening, suggesting that a "more of the same" approach is appropriate.
• When future innovations in drug therapy and vector control are simulated in addition to this scale-up, elimination is predicted to occur by 2030 in the Democratic People's Republic of Korea, India and Thailand.
• Elimination is predicted to occur by 2030 in all other countries only through the addition of MDA to scale-up and/or innovative activities. The analysis was limited to the consideration of MDA as a blanket intervention with other mass interventions (such as MSAT) not fully explored due to limitations on time, information and cost data.
• Future innovations in drugs, vaccines and vector control will also accelerate the path to elimination.
These findings are all predictions based on a mathematical model that is subject to a series of assumptions and informed by particular datasets.
Discussion
Leaders in the Asia-Pacific have committed to the regional goal of malaria elimination by 2030 2 . The World Health Organization's 2017 World Malaria Report has shown that consistent progress is being made towards that goal with more than double the number of countries with less than 10,000 indigenous cases in the region in the last five years 3 . The Malaria Elimination Transmission and Costing in the Asia-Pacific study has developed a dynamic multi-species malaria transmission model to evaluate the impact of malaria interventions and their associated costs and benefits, to achieve elimination by 2030 in the Asia Pacific.
Asia-Pacific malaria is characterised by its diversity and range in terms of parasite species, malaria vectors, epidemiology and parasite resistance to drugs 51 . The region is dominated by P. vivax malaria, accounting for more than 75% of the global burden 1 . The misconception of P. vivax malaria as benign has also contributed to it being neglected as a scientific, clinical, and public health issue 51 . The variation in malaria burden with P. falciparum-dominant countries (e.g. Bangladesh and Papua New Guinea) and P. vivax-dominant countries (e.g. Republic of Korea and Nepal) suggests that there will be variation in strategy for elimination. The range of packages predicted to lead to malaria elimination by 2030 shows that in some countries close to elimination, continuing in a 'business as usual' fashion will be sufficient, though the majority of countries will require a scale-up in malaria activities to progress towards elimination.
The METCAP model predicts elimination to be possible in Bangladesh, Bhutan, Malaysia, Nepal, Philippines, TimorLeste, and Vietnam through a scale up of LLINs (and/or IRS) and health system strengthening. This speaks directly to the T3: Test, Treat, Track initiative by the World Health Organization where every suspected malaria case should be tested, every confirmed case should be treated with a quality-assured antimalarial medicine, and the disease should be tracked through a timely and accurate surveillance system 52 . The use of appropriate diagnostic tools is essential to the success of this strategy. While new RDTs that are highly sensitive to P. vivax malaria are available, the test formats in use are not always P. vivax-specific resulting in inappropriate management of P. vivax cases 36, 44, 53 . The ability to develop dormant liver stage parasites (hypnozoites) and the emergence of gametocytes before clinical symptoms makes P. vivax malaria prone to resurgence especially when control efforts cannot be sustained 54 . Thus, it is critical that in order to reduce and eliminate P. vivax malaria, all developmental stages of the parasite in humans should be treated through radical cure. Radical cure is incorporated into the mathematical model through the adoption of a 14-day regimen of primaquine for all countries from the year of adoption specified in the World Malaria Reports. Though primaquine was adopted as policy in all countries, full-scale implementation is hampered by poor patient compliance with its 14-day treatment as well as the risk of severe haemolysis in individuals with deficiency of the enzyme glucose-6-phosphate dehydrogenase and the associated logistical and administrative burden of testing 53, 55 . Although all 22 countries have adopted primaquine to treat P. vivax in policy, it was not known which countries were successfully implementing the treatment. The model assumes that primaquine was used to treat P. vivax infections (with testing for G6PDd) from the year of adoption stated in the World Malaria Reports.
The mathematical model predicts elimination to occur by 2030 in Afghanistan, Cambodia, Indonesia, Lao PDR, Myanmar, Pakistan, Papua New Guinea, Solomon Islands and Vanuatu only when MDA is added to the scale-up of other interventions such as LLINs and IRS and/or future innovations. MDA is a costly intervention resulting in a temporary reduction in transmission, and in the absence of scale-up of other interventions, such as vector control, mathematical models have predicted that transmission would return to pre-administration levels 26, 29, 48 . The analysis was limited to the consideration of MDA as a blanket intervention with other mass interventions (such as MSAT) not fully explored due to limitations on time, information and cost data. It is expected that in reality, targeted or focal interventions will be deployed as countries move towards elimination. By reducing the expected population at risk and assuming a relatively low coverage of MDA, the model can simulate targeting of MDA in a simplistic way, but ideally this and other focal interventions would be simulated using an individual-based model based on detailed sub-national data and in close collaboration with NMCP partners.
The minimum elimination scenarios proposed in the MET-CAP model were simulated under the assumption of increasing treatment failure as a proxy for growing ACT resistance. For simplicity, this was simulated as being the same across all 22 countries in the minimum scenarios only. While the predictions can be considered to be conservative in light of this assumption, it highlights the need for increased surveillance and resistance monitoring to stem the emergence and spread of resistance throughout the region. Increasing efforts towards prevention, diagnosis and treatment and strengthened surveillance in the Greater Mekong Sub-region could push the region into elimination, simultaneously solving the problem of artemisinin resistance.
Equally important to effective National Malaria Control/ Elimination Programmes are strong sub-national programmes and evidence-based strategies, founded upon sub-national surveillance and response 56 . With countries in the Asia-Pacific region characterized by large mobile and migrant populations, heterogeneity in vector species and parasite distribution, and differences in climate and terrain, the distribution of malaria within countries is very diverse. A limitation of the METCAP study is the national resolution of the mathematical model. Such a focus was necessary due to the availability of publicly available annual national data in the World Malaria Reports. The scope and duration of the project was such that it was not possible to negotiate data sharing agreements for sub-national data for all 22 countries in the region. As such a choice was made to sacrifice depth for breadth in order to answer the research question. Thus, the purpose of the METCAP model is to make broad-stroke predictions for the region capturing only national characteristics of the constituent countries with the goal of predicting the approximate costs of elimination. The model should not be used in its current form to inform national or sub-national strategies. All models are simplifications of reality that are designed to describe and predict system behaviour and are justified by the assumptions on and data with which they are developed. Subsequent extensions of the METCAP model include incorporating sub-national data for Cambodia and Lao PDR to inform sub-national policy and assess the prospects for sub-national elimination.
The METCAP model and application has already been valuable to countries in the Asia Pacific in predicting and visualizing the effect of various interventions on the transmission curve. The model has also allowed the development of robust investment cases for political commitment and financial resources for malaria elimination. For example, application of the METCAP model and the subsequently developed investment case enabled Bangladesh to commit to malaria elimination, launching its new malaria elimination plan (2017-2020) and reconfiguring their programme. Government financing has increased to support strengthened elimination strategies. Similarly, the application of METCAP in Indonesia facilitated the malaria programme to strengthen their surveillance systems by introducing case foci and investigation in support of malaria elimination.
Conclusion
The misperception of malaria in the Asia-Pacific region as a less severe but essentially similar problem to African malaria can lead one into the mechanical application of the same tools and strategies 51 . Eliminating malaria from the Asia-Pacific region requires specific technical strategies and tools for coping with all of its unique features. In the current climate of decreasing global malaria funding, countries with a lower malaria burden are becoming a lesser priority for donors. The METCAP study has predicted that it is possible to achieve both P. falciparum and P. vivax elimination in the Asia-Pacific and sustained financing needs to be secured to realise this goal of malaria elimination by 2030. 
Data availability
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Australian Institute of Tropical Health and Medicine (AITHM), James Cook University, Townsville, Australia I have agreed to provide a review of the paper, and have disclosed that I am an infectious diseases physician, mathematical modeler and biostatistician, but not a malaria modeler. I understand the structure of the malaria transmission model, but cannot comment about choice of parameters, particularly those for interventions, beyond whether they have been justified adequately in the text.
I also disclose that I have a PhD student in common with the senior author of the paper and we plan to co-publish material in the near future.
My major review comments: Reviewer 1 may have missed some elements of the article when providing their report, such as the absence of detail regarding the model. The criticism that the paper does not provide details of the model or reference peer review publication are incorrect.
Reviewer 2 makes a number of general criticisms including
The study has sacrificed breadth for depth: in particular noting that:
The model is compartmental with sub-compartments being 22 countries in the Asia Pacific -no subnational detail is used Subcategories for age/heterogeneity of exposure is absent. The authors respond by suggesting that there are two schools of thought with regards to modelling, one being to provide broad overview of circumstances to assist policy makers in a rapid time scale, the other being to provide detailed models closely linked to datasets to provide local information.
My opinion is that both types of modelling philosophies are valid and the journal should accept either provided they will be of interest to readers and are adequately justified with assumptions made clear. On this note, the authors have included a clear explanation of the model, the data sources and the assumptions.
It would be wise for the authors to add a few (more) caveats to the discussion such as…"as this model did It would be wise for the authors to add a few (more) caveats to the discussion such as…"as this model did not incorporate subnational data, exposure heterogeneity or age stratification, it could not provide predictions for interventions targeting subpopulations".
The study does not distinguish between currently available interventions and those yet to be developed or tested My reading is that the authors did draw this distinction clearly in Figure 1 , however time has passed and now one of the innovations has become reality.
The authors should provide more detail about mass drug administration and Pv treatment including assumptions about cascade of care -after a country commences Pv radical cure, do the authors assume all patients (other than the 5% missed and those with G61PDdef) with Pv get primaquine? What is the assumed MDA coverage and effect?
Comments regarding parasite biology: Reviewer 2 comments that an assumption is made to parasite biology which is only backed up by old references. The authors respond by providing newer references which provide similar values. My view of this is that assumptions need to be made when modelling based on available literature, even if this literature is uncertain. It would be valuable to assess whether the model results are sensitive to any of the parameters that have a high level of uncertainty, and to incorporate this uncertainty into results. If this is not done then there needs to be full disclosure of this in the manuscript and the potential for the results to be sensitive to assumptions.
Regarding the comment about parasitic sterilizing immunity, the reviewer has acknowledged this was a misinterpretation, as partial immunity is incorporated into the model.
Timing comment: the reviewer suggests that the time of intervention should be updated to the current year (or 2018, the most recent published results, containing data to 2017). Authors respond that the work carried out was around a specific funding cycle and questions related to this. Interventions commence in 2017, submission of the paper was in early 2019. I think this is a reasonable delay between the commencement of model simulation time (2017) and the time that the paper was submitted for publication, given the work is likely to have been carried out to inform policy makers prior to publication. In addition, the general nature of the conclusions and the time scale of the model do not require revision based on one additional year of reporting. Furthermore, the delay in the peer review of the paper is now contributing to this gap.
Model calibration
Reviewer 2 is concerned that the outputs of the model may have been calibrated with reported cases rather than an estimate of inferred actual cases. Authors respond that this is not the case and indeed they used estimated results as suggested by the reviewer, and this is clear in the manuscript.
Final comment: Many of the criticisms of reviewer 1 and reviewer 2 arise from not finding the information that they seek. Some (but not all) of the answers to their concerns are found in the supplementary material. I therefore suggest the authors consider bringing some of the supplementary material into the manuscript, subject to the editorial rules.
I think that the paper is already quite detailed and an alternative may be to make the supplementary material more accessible. I had to clone into Github, and I think the only other alternative offered was a zip file. Can the SOM be provided in the form of figure files or similar to help readers who want to delve further to access it easily? 1.
2.
3.
4.
further to access it easily?
My minor review comments:
There are many instances of abbreviations used without first defining these terms ITN, LLIN for example. Please ensure these, and others, are defined on first use.
In paragraph 4 of results, you describe Sri Lanka as being used as an example of a country with elimination of endogenous transmission but continuing to have imported cases. It is unclear to me how the Sri Lanka data are used in general in the model. Do you use travel data to make assumptions as to how the same effect may occur in other countries, and does this effect reduce over time as the region in general gets closer to elimination? More detailed explanation of assumptions is required here.
In results section paragraph starting Figure 2 ; the sentence starting "The ranges for disease burden…" should be reworded for clarity and ease on the reader. At first, I took "estimates" to be a verb and later realized the sentence starts to make sense if it is a noun. Top of page 11 "The model should not be used in its current form to inform national or sub-national strategies." I suggest changing this a little, as the purpose of the study is surely to provide some information to the region. Suggest something like: The model is not designed to provide detailed information to countries for direct decision support at a national or subnational level.
Is the work clearly and accurately presented and does it cite the current literature? Yes
Is the study design appropriate and is the work technically sound? Yes
Are sufficient details of methods and analysis provided to allow replication by others? Yes
If applicable, is the statistical analysis and its interpretation appropriate? Not applicable
Are all the source data underlying the results available to ensure full reproducibility? Yes
Are the conclusions drawn adequately supported by the results? Yes
As mentioned, I know Prof Lisa White, senior author of the manuscript, and she is Competing Interests:
As mentioned, I know Prof Lisa White, senior author of the manuscript, and she is Competing Interests: a co-advisor for one of my PhD students. We have not yet co-published together but are likely to do so in the near future. 
Michael T. White
Institut Pasteur, Department of Parasites and Insect Vectors, Paris, France I appreciate the authors' considered response to my comments, and respect their approach to the problem at hand. As mentioned by the author, there certainly are differences in philosophies in relation to depth versus breadth for mathematical models and their application to public health policy. And this is okay.
In the more traditional peer review process, it would be left to a disinterested external party (the academic editor) to weigh these differences in value judgement, and if this person were to disagree with my opinion, that would be fine, as I'm very often wrong about these sorts of things. I'm unfamiliar with this more innovative and transparent process, and am genuinely uncertain about the optimal way forward. I stand by my original assessment, whilst also acknowledging the reasonable position taken by the authors. For these reasons, I will be stepping back from the peer review process for this article.
Mathematical model
I completely agree that both differential equation based and individual based models are useful and appropriate tools for infectious disease modelling. In this case, differential equation models are appropriate, albeit with the limitation that it's challenging to formally model elimination.
Transmission units
Selecting an ideal unit for modelling a transmission system is always challenging. In my opinion, entire countries, especially ones as diverse as Indonesia, are a bit on the large side.
Parasite biology
The clarification on sterile immunity is welcome. In fact, the misunderstanding arose from my incorrect reading of the differential equations.
Time scale I'm still of the opinion that it's best to use the most up to date data possible.
Intervention models & Supplementary file
The inclusion of descriptions of the intervention models in the supplementary file is a welcome addition.
Is the work clearly and accurately presented and does it cite the current literature? Yes
Is the study design appropriate and is the work technically sound? Yes 
Many thanks for the response. We invite robust constructive criticism always and hope to continue challenging and being challenged by our respected colleagues. Regarding the comment on more recent data, we would like to inform the reviewer that a follow-up study is under way to update the model for four countries in the region.
As the reviewer has concluded that they are "genuinely uncertain about the optimal way forward" and expressed the desire to step back from the peer review process, we did also wish to step away but have discovered that, once submitted, the paper can never be withdrawn even if repeatedly rejected. Our research is now in a potentially perpetual state of published but rejected, given the influence that two rejections may have on future reviews.
We sympathise with the reviewer's surprise that there is no editorial input, except that in our case the editor did intervene to request we adjust one of our responses for tone, although refuses to intervene with reviews which are inaccurate or incomplete. 
It is unfortunate that this reviewer was not aware of the full set of equations provided in the supplementary files. His assertion that the model structure was not clearly defined and his decision to reject the manuscript may have been influenced by this issue. We have made further efforts to direct readers to the model equations in the revised manuscript beyond the statements provided in the original main text.
This is a very policy push type of paper. This article attempts an extremely ambitious goal of developing and applying mathematical models of P.
The authors make no apologies for using mathematical modelling to support policy development. This is a valid activity for econ-epi modellers
and transmission (and their interactions) to 22 countries in the Asia-Pacific, and falciparum P. vivax simulating the potential impact of a wide range of malaria control interventions. In casting the net so wide, I fear the authors have sacrificed depth so that it's hard to be confident in specific predictions.
I certainly see the value for making the case for malaria elimination activities in the Asia-Pacific, and the need for advocacy in this space, but great care must be taken to distinguish between which scenarios are based on the reality of up to date data and currently available interventions, and which scenarios are based on interventions that have yet to be developed (e.g. new drug and new LLINs), or yet to be Pf tested at national scale (e.g. repeated rounds of MDA).
Mathematical model
The authors describe a compartmental differential equation model. Notably this does not have an individual-based structure, or incorporate age or heterogeneity in exposure to mosquito bites.
Transmission units
The key transmission units being modelled appear to be 22 countries in the Asia-Pacific. Within each country, transmission is enormously heterogeneous. For example, in Indonesia 141 million people live on the island of Java where there is little or no transmission, and 3.5 million live in Papua where there is intense transmission. Another key issues relates to the denominator population being modelled. For example, in China is it all 1.4 billion people, or just those who live in at risk areas? If those in at risk areas, how does this change over time?
Parasite biology
Within the research community, the evidence base for the duration of asymptomatic blood-stage P. vivax infections is surprisingly weak. The authors assume a value of 130 days citing two old textbooks which I was unfortunately able to access easily .
In both the and models, the duration of immunity in an individual without challenge P. falciparum P. vivax is 1/omega = 1 year. The equations suggest this is sterile immunity, which doesn't agree with much of what is known of infection biology. This issue is likely to be particular important for Plasmodium P. vivax when relapses are accounted for. 
Drug treatment
The drug combinations used for MDA are not specified. Many countries in the Asia-Pacific have P. vivax radical cure with primaquine in their national treatment guidelines, but few routinely administer it due to 1, 2 radical cure with primaquine in their national treatment guidelines, but few routinely administer it due to the absence of easily available testing for G6PD deficiency. The incorporation of G6PD deficiency in the transmission model is unclear: it appears to only be accounted for after treatment is administered.
P. vivax
The 'Single Dose New Pv Treatment' that is referenced is presumably tafenoquine which was licensed by the US FDA in July 2018.
Intervention models
No details of how intervention models were implemented is provided in the manuscript or in the Supplementary file. I certainly see the value for making the case for malaria elimination activities in the Asia-Pacific, and the need for advocacy in this space, but great care must be taken to distinguish between which scenarios are based on the reality of up to date data and currently available interventions, and which scenarios are based on interventions that have yet to be developed (e.g. new drug Pf and new LLINs), or yet to be tested at national scale (e.g. repeated rounds of MDA).
Model calibration and statistical inference
The manuscript outlines the definition of all scenarios tested in paragraph 3 of the section "Modelling Interventions for malaria elimination" that scenarios are subdivided into four themes, stating which are extensions of current interventions, and which are hypothetical. This is again described in Figure 1 : Description of scenarios modelled. 
Mathematical model
Parasite biology
Within the research community, the evidence base for the duration of asymptomatic P. vivax blood-stage infections is surprisingly weak. The authors assume a value of 130 days citing two old textbooks which I was unfortunately able to access easily .
In both the and models, the duration of immunity in an individual without P. falciparum P. vivax challenge is 1/omega = 1 year. 
Drug treatment
The drug combinations used for MDA are not specified. Many countries in the Asia-Pacific have P.
radical cure with primaquine in their national treatment guidelines, but few routinely vivax administer it due to the absence of easily available testing for G6PD deficiency. Model code I downloaded the model code 'multispecies_model.R', but this would not run, as it needed the compiled C code 'eq0.so' which was not provided. The source code 'eq0.c' was provided which I attempted to compile myself, however this required the header 'R.h' which also wasn't provided. I found this header file online, but this file required a number of other headers. I stopped at this point. 
This has not been a problem on previous trials of downloading
